A specific interaction between the class I major histocompatibility complex molecule Kb and thymocytes expressing the antigen receptor from the cytolytic T lymphocyte 2C enhances maturation of T cells of the CD8 lineage in transgenic mice. 
KbmS antigen positively selected for transgenic thymocytes only weakly. Altering residue 77 of Kb molecule from aspartic acid to serine made Kbm3 and Kbml allogeneic targets for the 2C antigen receptor and caused deletion of transgenic thymocytes. This deletion spared T cells that expressed low levels of CD8, a result differing from the total deletion of CD8-bearing T cells seen in mice that expressed the original target alloantigen Ld. Mature T cells display properties that suggest subjection during thymic development to both positive-and negativeselective events, which involve interactions between their ac8 antigen receptors and self-major histocompatibility complex (MHC) molecules (1) . These properties are as follows: (i) T cells are tolerant to self (2) . Several systems have convincingly demonstrated that clonal deletion of autoreactive thymocytes is largely responsible for the ability of mature T cells to distinguish self from nonself (3) (4) (5) (6) (7) (8) .
(ii) T cells preferentially recognize antigens as peptide fragments presented by self-rather than non-self-MHC molecules (9) (10) (11) (12) (13) (14) . (iii) T cells display a marked propensity to recognize foreign MHC molecules, a phenomenon termed alloreactivity (1) . Demonstration of these properties has prompted investigation of how engagement of the af3 T-cell receptor (TCR) can initiate both death of autoreactive thymocytes and increased maturation of thymocytes appropriate for recognition of foreign antigen-self-MHC complexes.
We (7, 15) and others (16) (17) (18) (19) have recently described TCR transgenic model systems that have provided evidence for the positive selection of thymocytes capable of interacting with self-MHC molecules. In a previous report (7) , we showed that maturation of thymocytes bearing the TCR from the cytolytic T-cell clone 2C was significantly enhanced by expression of H-2b gene products. The clone 2C was originally isolated from an H-2b anti-H-2d mixed-lymphocyte culture (20 
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Proc. Natl. Acad. Sci. USA 87 (1990) 6187 were assayed for lytic activity in triplicate at 25:1 effector/ target ratio against 104 Con A lymphoblast targets in a 3-hr 51Cr release assay and in duplicate against 5 x 103 L-cell targets in a 6-hr 51Cr release assay.
RESULTS
Kb Molecule Positively Selects the 2C TCR. Kb was initially identified as the H-2b gene product responsible for positive selection of 2C TCR-bearing thymocytes by analyses of transgenic mice backcrossed to B1O.MBR and B1O.AKM inbred mice (27) . These two strains of mice differ only in the K region of the H-2 complex; B1O.MBR mice express the gene for Kb, whereas B1O.AKM mice express the gene for Kk. The monoclonal antibody 1B2 is an anticlonotypic reagent specific for the 2C TCR (26 (Fig. 1A) . Thymocytes from H-2b/bm1o mice expressed mature levels of the 2C TCR and had an expanded population of CD4-CD8+ thymocytes. In contrast, thymocytes from H-2bm1O mice were predominantly CD4+CD8+ and expressed lower levels of the 2C TCR. A similar pattern of thymocyte development was seen in transgenic H-2b/bm1 and H-2bml littermates (Fig. 1B) . In transgenic H-2bm8 mice the percentage of mature CD4-CD8+ thymocytes, 7.3 ± 1.8% (n = 7), was substantially reduced relative to H-2b/bm8 littermates, 28 ± 4.9% (n = 5), but not down to the levels seen in H-2bm1o mice, 2.0 ± 0.5% (n = 5), or H-2bml mice, 3.4 ± 0.8% (n = 5) (Fig. 1C) thymocytes from H-2b/bm3 (n = 2) and H-2bm3 (n = 4) littermates (A) and H-2bmll (n = 2) mice (B). (Fig. 2A ). This dominant effect was similar but not identical to the complete deletion of CD4+CD8+ already described for transgenic H-2b/d mice (7). In both H-2b/bm3 and H-2bm3 mice, thymocytes expressed mature levels of the 2C TCR and were predominantly Table 1 were stimulated for 5 days with irradiated BALB/c splenocytes in the presence of recombinant interleukin 2. 1B2 was used at 10 ,ug/ml to block lytic activity. Representative phenotypes of H-2b and H-2b/bm1l responders are shown in Fig. 3B. CD4-CD8-. Trailing populations of 1B2' thymocytes expressing low levels of CD4 and CD8 were also evident. A similar pattern of thymocyte development was seen in transgenic H-2bmll mice (Fig. 2B ).
CD8o Cells Bearing 2C TCR Respond to Ld but Not to Kbmll. The phenotype of 1B2+ spleen cells from H-2b/bmll mice was consistent with deletion of 1B2+CD8hi, but not lB2+CD8lO, T cells (Fig. 3A) . To assess why lB2+CD8lO T cells survived selection in H12b/bm11 mice but were absent in H-2b/d mice, proliferative and lytic responses of transgenic spleen cells were examined (Tables 1 and 2 (29), substitution at residue 77, but not at residue 89, of the Kbm3 protein was sufficient to allow for specific lysis of target cells (Fig. 4 ).
Spleen cells from transgenic H-2b/bmll mice were unresponsive to Kbmll mutant, proliferated weakly in response to Kbm3 mutant, and responded strongly to Ld. Because CD4-CD8-T cells from H-2b/d mice have been shown (7) to be unresponsive to LU, the 1B2+ T cells that responded to Ld were almost certainly the additional CD4-CD8IO population. This interpretation was verified when lB2+CD8lO T cells were found to be the predominant responder population isolated from H-2b/bm11 anti-H-2d mixed-lymphocyte cultures (Fig. 3B) . These CD810 T cells, in contrast to their normal CD8+ counterparts, distinguished between Ld and Kbmll alloantigens. Activated CD810 T cells preferentially lysed lymphoblast targets bearing Ld over those bearing Kbmll, suggesting that the 2C TCR recognized Ld alloantigen more efficiently than Kbmll alloantigen. DISCUSSION The 2C TCR transgenic model encompasses at least five distinct phenotypic patterns of T-cell selection in response to Kb molecule, mutant Kb molecules, and Ld, the original target alloantigen. These phenotypic patterns include positive se- Control splenocytes were isolated from a nontransgenic H-2b/bm11 littermate ofthe transgenic H-2b/bm1l mouse. Spleen cell stimulators were prepared from C57BL/10, B1O.D2, B10.D2-H-2dml, C57BL/6, B6.C-H-2bml, C57BL/6 H-2bI3, and B6.C-H-2bmll strains of mice (The Jackson Laboratory). (6, 8) . These CD810 cells were still capable of specific lysis of target cells bearing Ld. Given the demonstrated ability of CD8 to modulate antigen recognition (36), we interpret these findings as reflecting the synergistic interaction between CD8 and TCR in determining the overall avidity of T cells for target alloantigens. Thus, 2C TCR-bearing cells expressing a normal level of CD8 had an overall avidity for Kbml mutant high enough to produce measurable functional responses, whereas T cells expressing a lower level of CD8 could not respond to Kbmll mutant and, thus, could survive deletion in H-2b/bmll mice. These results suggest that thymocytes with lower avidity for self-MHC molecules, as well as those with no avidity for self-MHC molecules, are spared deletion in the thymus.
A single, positively selecting MHC gene product has been identified in TCR transgenic mice for both antigen-specific class I-and II-restricted TCRs (17) (18) and the alloreactive class I TCR described here. These results suggest that alloreactive and MHC-restricted T cells may share a common developmental origin and support the view (37) that alloreactivity, the phenomenon underlying allograft rejection, results from the positive selection of thymocytes capable of engaging self-MHC molecules.
